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(54) Sheet for protecting paint f flms of automobiles 



(57) A sheet for protecting paint films of automo- 
biles for adhering to the incompletely cured paint films 
of automobiles comprising two pack urethane paint, the 
sheet comprising a support and a pressure-sensitive 
adhesive layer formed thereon, wherein the sheet has a 
Young's modulus E of at least 75 N/mm 2 and a coeffi- 
cient of ftexural stress k represented by the formula 
k = Eh 3 wherein h is a thickness of the support, of 
0.035 or less. The protective sheet can uniformly pro- 
tect the paint films and easily be peeled and removed 
therefrom without causing environmental problems and 
adhesive remaining of the pressure-sensitive adhesive 
layer. Even when the sheet is adhered to incompletely 
cured paint films of automobiles and they are allowed to 
stand for a long period of time under an outside high 
temperature in summer, the sheet does not cause the 
deformation of the paint fflm and the microdeformations 
by the deformation of the paint film at the edge portion 
of the pressure-sensitive adhesive layer. The protective 
sheet can be reserved in a roll state without causing the 
change of form by, for example, a telescope phenome- 
non. 
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Description 

FIELD OF THE INVENTION 



The present invention relates to a sheet for protecting paint films of automobiles, which is excellent in adhesive 
workability to curved surfaces, weather resistance, and peetability after adhering to the paint films for a long pen* of 
time, is difficult to deform paint films, can be applied to paint films in an incompletely cured state, and is suitable for the 
surface protection of bodies, parts, etc., of automobiles. 



10 RAP.KRROUND QFTHF INVENTION 



Protective sheets which can be a pplied to paint fams of automobiles, which are in an incompletely cured state have 

been requested. A protective sheet gene rally comprises a polyme ric sheet having formed thereon a pressure-sensitive 
adhesive la yer jr3~aifre~it the prevention 01 paint fams of automobiles and th e parts thereof from being damaged, 
frosted disc olored, etc.. by various floating matters and colliding matters, s ucn as ams. dusts, acid ram, pebbles, etc.. 
when loading automobi les, the parts thereof . etc., ju^ fjnshedja intinfl on trucks, ships, trains, etc.. and transporting 
TterrT^rrK^Uic^ Such protective sheet has the advantages to overcome difficult points m 

a conventional system otcwering a pS 

form protection with a uniform paint film isdifficult. the paint fRm may easily be stained, the paint fflm is weak in the pro- 
tection function to colliding matters such as acid rain, pebbles, etc.. a large labor is required for forming and removing 
the paint films, and also us eof a solvent may cause environmental problem s such as the waste liquid treatment, eta 

i n fhe above system Twheri a two-pack urethane paint is used, paint films for automobiles in a completely cured 

state can be formed by a heat-curing treatment and an aging treatment after painting. However, the aging treatment can 
be practiced during the transporting time to overseas, etc. Therefore, a method of shortening the aging treatment time 
after the heat-curing treatment, adhering a protective sheet to the paint film of the automobile in an incompletely cured 
state transporting the automobile, and utilizing the transporting time for a part of the aging time for cornpletely cunng 
the paint fflm. whereby the efficiency of the supply of the parts or the automobiles is improved has come into wide use. 

However in the conventional sheets for protecting paint films of automobiles, there is a problem that when the pro- 
tective sheet is applied to a soft paint film or a incompletely cured paint fflm and is allowed to stand for a long period of 
time under an outdoor high temperature in summer, etc., the paint f am is deformed at the edge portions of the pressure- 
sensitive adhesive layer, for example, edges of entrapped air or sheet edges, and the deformed traces are dearly 
observed 

When the thickness of the pressure-sensitive adhesive layer in the sheet for protecting paint f Oms of automobiles 
is increased to protect the deformation of the paint fflm, a problem occurs that when the sheet is preserved in a roll 
state, the form of the roll is deformed by a telescope phenomenon, and in peeling the sheet from the paint film, adhesive 
remaining may occur at the edge portions of the pressure-sensitive adhesive layer. 

Rl IMMARV OF THE INVENTION 

An object of the present invention is to develop a sheet for protecting a paint film of automobiles, which fe difficult 
to form rricrodeformations due to the deformation of a paint f Bm even when the sheet is adhered to a paint film of auto- 
mobiles, the paint film comprising a two-pack urethane paint and being in an incompletely cured state, and is allowed 
to stand under an outdoor high temperature, etc.. for a long period of time, and can be easily peeled from the paint f am 
without adhesive remaining of the pressure-sensitive adhesive layer, whfle maintaining the advantages of the protective 

45 sheet described above. .., , . 

According to the present invention, there is provided a sheet for protecting a paint f am of automobiles, for adhenng 
to incompletely cured paint fibre of automobiles, the paint fBm comprising a two-pack urethane paint which composes 
a support having formed thereon a pressure-sensitive adhesive layer, wherein the sheet has a Young's modulus Eof at 
least 75 N/rnm 2 . and has a coefficient of flexural stress k represented by the formula k = Eh 3 wherein h is a thwkness 

so (mm) of the support, of 0.035 or less. 

ppTAII Fn nFRfiRIPTION OF THE INVENTION 
The present invention is described in detail below. 

As described above, by forming the sheet having a tow coefficient of flexural stress while satisfying the above- 
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described Young's modulus, a sheet for protecting the paint films of automobiles can be obtained, which adheres with 
a good workability to incorrpletely cured soft paint f Oms of automobiles comprising a two-pack urethane paint is difficult 
to cause deformation of the paint film in the edge portions of the pressure-sensitive adhesiv layer, such as edges of 
entrapped air or the sheet edges even when allowing to stand under an outdoor high temperature in summer for a long 
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25 



period of time, is also difficult to give microdeformations to the paim film, can be easily peeled from the paint IBmwHhout 
forming adhesive remaining of the pressure-sensitive adhesive layer, is excellent in the protection function to floating 
matters or colliding matters, such as acid rain, dusts, pebbles, etc., and keeps the advantage of the protective sheet 
system capable of sinply and uniformly protecting the paint film and of being easily peeled and removed without induc- 
s ing an environmental problem. Furthermore, the sheet for protecting the paint films of automobiles can be wound in a 
roll state which is difficult to cause the deformation of the form by, for example, a telescope phenomenon at the preser- 
vation of the roll. 

In the present invention, the Young's modulus of at least 75 N/mm 2 is for improving the adhering workability to and 
the peeling workability from the paint films of automobiles having many curved surface portions by the suppression of 
w elongation, etc., and the details of the mechanism of obtaining the merits and effects by forming the sheet of the low 
coefficient of f lexural stress while satisfying the Young's modulus have not yet been clarified. However, the inventors 
consider the mechanism as follows. 

That is, it is considered that since the occurrence of rrricrodeformations due to the deformation of the paint film at 
the edge portions of the pressure-sensitive adhesive layer in applying the protective sheet to the incompletely cured soft 
is coated f im and allowing to stand them in the outdoors for a long period of time tends to be easily occurred as the paint 
film is softer, the microdeformation is caused by the occurrence of ununiform force by a very small deformation of the 
protective sheet caused by environmental changes such as a temperature, etc.. during preserving for a long period of 
time, which causes ununiform stress in the paint film to cause the deformation of the paint f flm, which becomes the 
microdeformation. 

20 Accordingly, the above mechanism is a technical theme which cannot be dealt with the conventional planning con- 
ception of mainly considering the properties of the domain to which a large external force is applied, such as the 
irrprovement of the strength of a support, etc., simply paying attention to the adhering workability and the peeling work- 

^ The sheet for protecting paint films of automobiles of the present invention comprises a support hawing formed ther- 
eon a pressure-sensitive adhesive layer, wherein the sheet has a Young s modulus E of at least 75 MAnm 2 and a coef- 
ficient of f lexural stress represented by the formula k=Eh 3 wherein a thickness of the support is h mm. of 0.035 or less. 
The protective sheet of the present invention is for adhering to an incompletely cured paint film of automobiles, com- 
prising a two pack urethane paint . 

The support which can be used in the present invention is a polymer film compounded with an inorganic filler, and 
30 preferably a film corrprising an olefinic polymer compounded with an inorganic filler . 

Exanples of the olefinic polymer are polypropylene polymers such as the homopolymer, the block polymer or the 
random polymer; ethylene polymers such as low<lensity polyethylene, higrxiensity polyethylene or linear low-density 
polyethylene; and ethyiene^ropylene copolymers. In forming the support, one or two or more kinds of the polymers can 

be used. , . . , 

35 Exanples of the inorganic filler which can be compounded in the support are titanium oxide, calcium carbonate, 
magnesium oxide, and arte oxide. The inorganic fillers may be used alone or as a mixture thereof. The amount of the 
organic filler corrpounded can be properly determined. In general, the compounding amount is from 5 to 20% by 
weight, and preferably from 8 to 15% by weight based on the weight of the support, from the points of the hiding power 
of the paint film color and the film-forming property for the film. 

40 If required and necessary, the support may be compounded with appropriate additives such as a ultraviolet stabi- 
lizer an antioxidant etc. The corrpounding amounts of the ultraviolet stabilizer and the antioxidant are from 0.1 to 5% 
by weight, and preferably 0. 1 to 3% by weight, based on the weight of the support, from the points of preventing the 
occurrence of deterioration of the support and the working environmental property by the scattering prevention of addi- 
tives at the film formation of the f Bra ^ . . 

45 There are no particular restrictions on the ultraviolet stabilizer and the antioxidant, and conventional materials can 
appropriately be used. For exarrple, exarrples of the ultraviolet stabilizer include benzotriazole ultraviolet stabilizers, 
hindered amine ultraviolet stabilizers, and benzoate ultraviolet stabilizers. 

More specifically, exarrples of the ultraviolet stabilizer are 2-(3-t-butyl-5-methy^^ 
riazole 2-(3 Wi-t-butyi-2-hydroxyphen^ pdyl{6-(1 J,3,3-tetramethyIbutyl)amin€>-1 ,3.5-tri- 

so azine-2,4HdiyiH2,2,6,6-t hexamethylene{(2 > 2 ( 6.6rtetrametr^^iperidy1) l mino}] > 
dimethylsucdnate-H2-hydraxyett polycondensate, and 2.4<li-t-butytphe- 

nyl-3,5-t-butyl-4-hydraxybenzoate. 

The support can be obtained by molding the polymer compounded with an inorganic filler and other additives by an 
appropriate method such as an extrusion molding method by a T die. a casting method of a solution or a molten mixture 
55 liquid. 

The thickness of the support can be appropriately determined in the range that the Young's modulus of the sheet 
for protecting paint f flms of automobiles obtained is at least 75 N/mm 2 and the coefficient of f lexural stress thereof is 
0 035 or less. That is, the sheet for protecting paint films of automobiles of the present invention has the Young's mod- 
ulus of at least 75 N/mm 2 , and the coefficient of f lexural stress of 0.035 or less. The coefficient of f lexural stress k is 
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defined by the following formula; 

k=Eh 3 



wherein E is a Young's modulus (N/mm 2 ). that is. the tensile elastic modulus of the entire sheet for protecting paint films 
of automobiles in a machine direction, and his a thickness (mm) of the support. 

As described above, it is considered that the occurrence of microdeformations by the deformation of the paint film 
is caused by the deformation of the protective sheet by the change of environment Accordingly, for the incompletely 
cured soft paint film, it is considered to be effective to decrease the force caused by the deformation of the protective 
sheet In this case, decreasing the coefficient of flexural stress k represented by the above formula to 0.035 or less aims 
at reducing the force caused by the flexural deformation of the protective sheet. 

That is since the painted surface of an automobile has many curved surface portions, stress caused by the flexural 
elasticity occur in the protective sheet adhered to the painted surface. Further, at the circumference of entrapped air in 
adhering the protective sheet to the painted surface of an automobile, the protective sheet is extremely curved to cause 
a local stress and also the inside pressure in the bubbles is changed by the change of temperature to increase or 
decrease the flexural load. The coefficient of flexural stress described above is the condition for preventing the defor- 
mation of the paint film by decreasing the force caused in the protective sheet by such a flexural deformatwn. 

Rom the above formula, it is effective for the reduction of the coefficient of flexural stress k to decrease the Young s 
modulus. Also the deformation of the protective sheet by the environmental changes is greatly influenced by the tem- 
perature change. Even when the deformation of the protective sheet by the temperature change is generally small. the 
occurrence of the force in the range of the very small deformation is greatly influenced by the Young s modulus. There- 
fore ft can be said that the reduction of the Young's modulus is more effective, but the Young's modulus relates to an 
elongation and also relates to the adhering workability, the peeling workability, etc.. of the protective sheet In the 
present invention, from the points that curve surface portions are large and the protective sheet fe for adhering to the 
soft paint film surfaces of automobiles, the Young's modulus is at least 75 N/mm 2 . and preferably from 100 to 2.000 
N/mm 2 , and more preferably from 300 to 1 .800 N/mm 2 . 

H is effective for decreasing the coefficient of flexural stress k to decrease the thickness of the support, and in the 
protective support, the Young's modulus of the support is important Therefore, it can be said that the thinner support 
is more advantageous from the point of decreasing the deformation stress based on the Young's modulus. However, the 
thickness of Ihe support relates to the strength and the protecting function of the protective sheet and the handling prop- 
erties such as the adhering workability, the peeling workability, etc. From such points of the present invention, ihe thick- 
ness of me sur*ort is generally from 10 to 100 urn. preferably from 15 to 80 urn. and more preferably from 20to 70 Jim. 

Considering the Vbung's modulus and the thickness of the support described above, the coefficient of flexural 
stress in the sheet for protecting the paint films of automobiles is preferably from 0.001 to 0.035. and ir»re jpreteraWy 
from 0.005 toO.033 from the point of preventing the occurrence of the microdeformations by the deformation of the paint 

hbn ' tt required and necessary, a surface treating layer of a releasing agent may be formed on the surface of not forming 
the pressure-sensitive adhesive layer of the support. The treatment with the releasing agent has an advantage to facil- 
itate rewinding the protective sheet wound in a roll form. 

As the releasing agent, any appropriate releasing agent may be used without any restriction. For example, there 
are silicone releasing agents comprising a polyorganosiloxane such as pofydimethytsiloxane. A heat-cunng type releas- 
ing agent such as an addition reaction type releasing agent a condensation reaction type releasing agent, eta. and a 
silicone releasing agent such as a radiation curing type releasing agent as such an ultraviolet curing type releasing 
agent an electron ray curing type releasing agent, etc., can also be preferably used. 

Further a polymer of a higher alcohol ester of (meth)-acrylic acid, a copolymer of the same and other monomer, 
and a long-chain alkyl releasing agent comprising a reaction product of a hydroxy group-containing polymersuch as 
polyvinyl alcohol or a cellulose and an isocyanate compound having a long-chain alkyl group, etc.. can be used. Inthis 
case, the long chain alkyl releasing agent having a Irjng-chain alkyl group of from 12 to 24 carbon atoms can be prefer- 
ctbly used 

H required and necessary, an appropriate surface treatment such as a treatment with an undercoat agent (primer) 
or an electrochemical treatment such as a corona treatment a plasma treatment a sputtering treatment etc, tor 
irnproving the adhesion with a pressure-sensitive adhesive layer may be applied to the surface of the support on which 
a pressure-sensitive adhesive layer is formed. , 

The pressure-sensitive adhesive layer can be formed using a polyisobutylene, an isobutylene-rsoprene copolymer 
(butyl rubber) or a mixture thereof. A polyisobutylene or an tsobutylenensoprene copolymer, having a weight average 
molecular weight of from 300,000 to 800,000, and preferably from 300,000 to 600.000 is preferably used from the points 
of preventing the occurrence of adhesive remaining by the insufficient cohesive force, preventing th deformation of a 
roll form in winding the protective sheet in a roll form, relaxing the stress formed by the deformation of the support, pre- 
venting the occurrence of microdeformations caused by the deformation of the paint film, and strengthening the adhe- 
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sive fores. 

The protective sheet can be formed by a proper method such as a method of coating iMi "J*"™^ 
save adhesive component in a solvent or a molten liquid of a pressure-sensrtrve adhesrve <^^°™^«^ 
S of transSgand adhering a pressure-sersitive adhesive layer formed on a separator by the above method 

5 ^S'ess of the pressure-sensitive adhesive layer is from 1 0 to 20 ^ and Prefer^ from ^ 20 ^fmm 
the pdnTc* snowing the desired adhesive force, preventing the occurrence 

ZS, o, ^ paint fHm preventing the formation of adhesive remaining at the edge portion of the protective sheet, and 
p^X ^rre^e of the deformation of the roll form of the protective sheet In winding the protects sheet ,n 

W * e tSred and necessary, the pressur^sensitive adhesive layer may be protected by temporarily adhering thereto 

3 TZ^ESZSZEZSt* necessa^. *e ^essure-ser^e a^esive 
r^rSaTwran ultS stabilizer to improve the weather resistance. The ultraviolet stabilizer whK* can be used s 
S^SSTZSh Tfor the suppokThe compounding amount of the ultraviolet stabiBzer ,n the pre^re^ 

^s^^S Paint films of automates of the present invention * used Jbr adhering to inconplete* 
cured paint films of automobiles comprising two pack urethane paint such as an ^-uretr^parrt. 

The incompletely cured state of the paint film is an incompletely agjng-treated state omrtting a part oftheag,ng 

treatZSf^^ 

a Knoop hardness of from 5 to 13. the paint tarn for automobile bumpers havng a Knoop hardness of from 2 to 8. or me 
pSSm !ta "automobile parts, in an incorrpletery cured state of from 40 to 80% of the completely cured state deter- 
mined based on for example, a hardness of the paint f ilm. 

tSS'theSJ ito protecting paint films of automobiles is used for the method of utlmngthe transporting 
time^S. eLTtS £,ing treatment, and is applied by adhering to the paint fihmof autc^theag^ 

which is incomplete. In addition, the aged state in the paint f ilms of -»™M«J»^ J» 
tive sheet is adhered, is appropriately determined according to the hardness-generatng craracter^by Je tand of 

filmdetermined based on the hardness of the paint film by the Knoop hardness, etc.. as desenbed above. 

^e^Sfon is described in more detail by reference to the following examples, but the invention is not 
limited to those examples. Unless otherwise indicated, all parts are by weight 

Example 1 

A pressure-sensitive adhesive solution composed of 1 00 parts of a pcxyiscbutytene ^^L^TlV^Tfa 
weigh/average molecular weight (hereinafter the same) of 650.000 by gel permeate*. <*T*V*^ °» * 
SoSrVe having the weight average molecular weight of 90.000. and 750 parts of toluene was coated on a 30 

92.7 rSKpolypropylene having a melt flow rate (MFR) of 4 g/second. 7 parts of titan.um oxide, and 0.3 part of 

2-(3-t-biJty1-5-methyl-2-hydroxyph^ opnnnH HR G3000H 

Further the ael oermeation chromatography was carried out using 4 columns of TSK gel G2000H HR, ooooun 
HR SS£ fSfiSSStt rmpSSS aD manufactured by TOSOH CORPORATION) connected Un^nes 
SSydrofuran as the eluent. and under the conditions of a f tow rate of 1j^nute.a ^Je^a 
sample concentration of a 0.1% by weight of a tetrahydrofuran solution, and a sample injecting t"*^™*^ 
SSVeSometer was used as the detector (hereinafter the same). Also. MFR was measured by the method A 
a^ngt^K^ru^der the conditions of a terrperature of 230°C and a toad of 21 .18N (here.nafter the same). 

Example 2 

A pressur^sensitive adhesive solution composed of 100 parts of a poryisc^xitylene having me weight arerage 
mdecuter weight of 800.000. 35 parts of polyisobutylene having the weight average 

SSpL of toluene was coated on a 35 urn thick polypropylene f flm cortoning ttanuim cwde and dned at 80 C for 3 
minutes to obtain a protective sheet having a 18 |im thick pressure-sensitive adhesive layer. 

of homoSSene having MFR of 10 g/second. 37.7 parts ^J^T^^ * 5 Bfcecond ' 8 
parts oMi oxide, and 0.3 part of 2-(3-tW5-rnethyl-2-hydroxyphenyl^5^lorcb^ 
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Example 3 

molecular weight of 400,000 ana aw pans ui wjuic . . havina a 12 urn thick pressure-sensitive adhe- 

changed. 

Hnm parativ ft Example 1 

Aprotective sheet was obtained in the same manner as in Example 1 
f ilm was changed to 50 *im. 
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A protective sheet was obtained in the same manner as 
f ilm was changed to 40 urn. 

Fx/ahiationTest 



Example 2 except that the thickness of the polypropylene 



RoterftncB Example 

An .ecrodepos.cn pnmer and an "*^^gS*2£l Z,T^^^ 
lurethanetv* retype pair* fr^a 

Ltd.) or for abumper (SOFLEX200. tradename, manufactured by ' inted p, ate . The painted plate 

was cured and agng treated under the mtibons ^«™"*Z£ Sa^SrSs of the painted plate 
wasaJlc^tostarKlina«>nsta,^ 

=Ta^^ 

harder. 

The results obtained are shown in Table 1 below. 



Table 1 



35 


Painted Plate No. 


Kind of Paint 


Curing Condition 


Aging Condition of Paint 
Film 


Knoop Hardness 




A 


For Body External Plate 


30 min. at 130°C 


Within 2 hours 


15 
10 




B 


For Body External Plate 


30 min. at 80°C 


72 hours 


40 


C 


For Bumper 


30 min. at 80°C 


10 days 


6 




D 


For Bumper 


30min.at80°C 


3 days 


3 
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50 



55 



The ft**, tests were then earned out on each of the protective sheets obtained in the axamp.es and the com- 
parative examples. 

Young's modulus and coefficient of i lexural stress: 
Tracing property and adhesive remaining property: 
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170 hours it was allowed to stand at room temperature for 24 hours. The protective sheet waspeeledand removed 
Z^jZ XTZd the presence and absence of traces and adhesive remaning were determined. 

of theSrface of the coated film on the painted plate was measured and evaluated by the foiling standard. 
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The case of not visually observing the gap. 
The case that the gap is lower than 0.1 pm. 
The case that the gap is from 0.1 |imto0.5jim. 
The case that the gap is from 0.5 junto 1.0 jim. 
The case that the gap is over 1 .0 jim. 
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While the invention has been described in detail and with reference to specific err^iments 
app^^ the art that various changes and modifications can be mad there, without departing from 
the spirit and scope thereof. 
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Claims 



1 A sheet tor protecting paint films of automobiles for adhering to incompletely cured ^^"^.^^^ 

from 40 to 80% of the completely cured state based on the hardness. 

3. The sheet for meeting 

polymer compounded with an inorganic filler. 

S Sht^rrom So.000 to 800.000. an isdxrrylene-isoprene copolymer, or a mucture thereof. 

x a Thesheetfc<r*otecting^ 
ulus of 100 to 2,000 N/mm 2 . 

6. me sheet for protecting paint films of automobiles as claimed in daim 1 . wherein the sheet has the coefficient of 
f lexural stress of 0.005 to 0.033. 
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